Sequential prostate MRI reporting in men on active surveillance: initial experience of a dedicated PRECISE software program. Mri (2018),
recommendations propose standardised reporting mpMRI data for these men. This includes accurate size measurements of lesions over time, but such approach is time consuming for the radiologist and there is a strong need of dedicated tools to report serial scans in a systematic manner. We present the results from an initial validation cohort using dedicated PRECISE reporting software to allow automated comparison between sequential scans on AS.
Materials and methods: We retrospectively analysed baseline and followup scans of 20 men randomised to 6 months of daily dutasteride (n=10) or placebo (n=10) from the MAPPED trial. Men underwent 3T mpMRI at baseline and after 6 months, and a dedicated radiologist reported the scans using both a widespread commercially-available platform (Osirix ® ) and a semi-automated dedicated PRECISE reporting tool (MIM ® ). Tumour volume by planimetry in all sequences and conspicuity on diffusionweighted imaging were assessed. Reporting time was recorded, and we used the Wilcoxon test for statistical analysis.
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7 Results: Median tumour volumes and conspicuity were similar using both approaches. The reporting time of the follow-up scan was quicker using the PRECISE reporting workflow both in the whole population (12'33'' vs 10'52''; p=0.005) and in the dutasteride arm (15'50'' vs 12'59''; p=0.01).
A structured report including clinical and imaging data was generated according to the PRECISE recommendations and a comparison table between lesion characteristics at baseline and follow-up scans was also included.
Conclusion: We conclude that a dedicated PRECISE reporting tool for sequential scans in men on AS results in a significant reduction in the reporting time and allows the radiologist to easily compare scans over time. This tool will help with our understanding of the natural history of mpMRI changes during AS. 
Introduction
Men with low and intermediate risk prostate cancer (PCa) are offered active surveillance (AS) to defer or avoid radical treatment and its potential side effects, without missing the opportunity for cure [1, 2] .
There is evidence that multiparametric magnetic resonance imaging (mpMRI) shows potential in identifying AS candidates, who may have little benefit from therapy but still need to be continuously monitored to allow prompt curative treatment if the disease shows signs of becoming more aggressive [3] . However, the use of mpMRI in men on AS varies between countries and health systems, with a lower use of mpMRI outside of academic institutions [4] .
As a result, many men have more frequent and invasive testing than needed, at a cost to them and the health care system, and a small number of men will eventually have significant disease detected too late, increasing the likelihood of metastatic spread. Additionally, there are few published data to inform us on any specific radiological change to define the progression of the disease (e.g. volume, change in lesion size or appearance over time, quantitative parameters like the apparent diffusion coefficient -ADC-, etc.) that should prompt biopsy or active treatment [5] [6] [7] .
Morgan et al. [5] reported the results of 151 men on AS undergoing mpMRI at two time points (median interval 1.9 years). They showed that tumour volume increased measurably in 34.4% of men after 2 years of
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10 AS, and that change in ADC could be used to identify tumours with measurable growth (-6.8% ± 12.3% for men with measurable growth vs 0.23% ± 10.1% for those without, p=0.0005). Our group [7] has recently investigated changes in the mpMRI appearance of lesions on AS and showed the variability of volume measurements on serial scans, assessing change in lesion size according to grade. From a total of 86 men, 43/86 men did not have a visible lesion on the initial scan; of these, 5/43 had developed a suspicious focus at a median follow up of 3.6 years. There was a significant increase in volume by a median of 10% (p < 0.01), more specifically by a median of 6% for Gleason 3+3 and 18% for 3+4 (p =0.058).
A recent meta-analysis by Schoots and colleagues [9] has shown that cancer upgrading occur almost three-times more often in men with a visible lesions (35%, confidence intervals -CI-27-43%) in contrast to a negative scan (12%; CI 8-18%) with a relative risk of 2.77 (CI 1.76-4.38).
Gallagher and colleagues [8] reported the outcomes from a mpMRI based AS programme that did not involve protocol biopsies after the first confirmatory biopsy. In 211 men (median follow up of 4.2 years) progression to radical therapy was significantly higher at all stages in men with visible lesions than in men with initially negative scans (47/125 vs 11/86; p<0.001).
Whilst there is a well-established reporting system for reporting mpMRI in the diagnostic setting (Prostate Imaging Reporting and Data System -PI-
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RADS v.2 and 2.1) [10, 11] , the challenge of assessing change over time needs addressing [12] .
An international consensus panel has published the Prostate Cancer
Radiological Estimation of Change in Sequential Evaluation (PRECISE) recommendations [13] , which establish the reporting standards for mpMRI in men with PCa on AS.
These guidelines propose that mpMRI data should be collected and analysed in a standardised manner, including accurate size measurements of lesions over time. Moreover, a standardised, structured report should be generated for each scan, as well as the comparative reports over time.
Given the increasing burden in prostate mpMRI reporting that the radiologist faces, reporting according to the PRECISE recommendations can be time-consuming during daily clinical practice. There is a strong need of specific tools to allow reading, archival and analysis of mpMRI in a timely and accurate way.
The aim of this paper is to provide initial evidence of the utility of a specific tool to report according to the PRECISE recommendations, and to show the importance of automated comparison between sequential mpMRI in the individual man with PCa on AS. [14] .
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Materials and methods
All patients gave written informed consent to participate in this study.
Patient selection
The initial population comprised 42 men with biopsy-proven PCa on AS randomised to 6 months of 0.5 mg daily dutasteride (a 5-alpha reductase inhibitor widely used for the treatment of lower urinary tract symptoms) or placebo, undergoing 3T mpMRI scans at baseline and 6 months. The MAPPED study used mpMRI-determined PCa volume as a primary endpoint, and the detailed protocol has been previously published [15] .
From the initial database, we randomly identified 20 men (ten in the dutasteride and ten in the placebo arm) and retrieved the baseline and the 6-month mpMRI scans for each patient.
MR imaging technique
All patients underwent mpMRI using a 3T system (Magnetom Verio, Syngo MR B17; Siemens Healthcare, Erlangen, Germany) and a pelvic phased-array coil. All examinations included unenhanced axial, sagittal The conspicuity of each lesion was calculated after the reporting session, and therefore this was not included in the reporting time.
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Results
The median age of the 20 men analysed in this study was 63.45 years (IQR: 60.16 -66.61), and median PSA at baseline was 6.3 ng/mL (IQR:
5.44 -8. 16 ). Twelve men (60%) had Gleason 3+3 and eight (40%)
Gleason 3+4 PCa at entry biopsy.
All lesions (apart from one in the dutasteride arm that was not visible on DWI) were visible both at baseline and 6-month scans. Table 1 reports median tumour volumes, ADC values and conspicuity calculated using the two software programs in the whole population (n = 20), both at baseline and after 6 months.
There were no significant differences between the two methods for all parameters.
There was a significant reduction in the reporting time at 6 months using the dedicated PRECISE reporting tool (12'33'' vs 10'52'', respectively; p = 0.005) ( Table 1) .
Similar results were found analysing the placebo (n=10) and the dutasteride (n=10) arms independently, with no significant differences between the two methods for all parameters ( Table 2 and Table 3 ).
A significant difference in the reporting time was observed in the dutasteride arm using the PRECISE reporting tool (15'50'' vs 12'59''; p = 0.01).
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Additionally, a structured report including baseline and follow-up scans was generated using the dedicated tool, as advocated in the PRECISE recommendations [13] (Fig. 3 ).
Data obtained from the comparison between two-time points (including the increase or decrease rate) were also reported ( Fig. 3) .
A prose and a diagrammatic report from the same patient are shown in 
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Discussion
The PRECISE recommendations were built to allow robust data collection of prostate mpMRI on AS and highlighted the areas most in need of research [13] .
Our initial study indicates that a dedicated PRECISE software program is a promising tool to assist the radiologist in the reporting of serial prostate scans in men on AS for PCa.
Quantitative data extracted using the two platforms were comparable, as the volumes, ADC values and conspicuity were not significantly different (Table 1) . Conversely, there was a significant reduction in the reporting time at follow-up scans using the dedicated PRECISE workflow, both for the whole population (p=0.005) and in the dutasteride arm (p=0.01).
The main reason lies in the capability of the PRECISE tool to transfer prostate volume contours from one scan to the other and to show the previous location of any lesion, with a considerable drop in the time required for contouring in the follow-up scan.
A closer look at the results in the dutasteride arm (Table 3) shows that dutasteride was associated with increased tumour ADC and reduced conspicuity on DWI using both platforms. This is in line with our previous findings [17] and could also explain why the reporting time at 6 months was quicker using the PRECISE tool in this arm compared to the placebo
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19 (i.e. the lesion was less visible, and therefore less time was required to report the scan).
In addition to this, the PRECISE tool generated a structured report that compares data at different time points, including clinical and quantitative findings (Fig. 3) .
This preliminary study suggests that the use of dedicated reporting tools in line with the PRECISE recommendations [13] could be of help to report and analyse data from prostate mpMRI on AS and would allow to transfer contours and regions of interest to serial scans for quick comparison.
Moreover, specific tools to analyse data from different cohorts on AS could pave the way to the creation of a cloud-based platform for multiple centres with multiple readers, as advocated by the panel of experts who drafted the PRECISE recommendations [13] .
Another key point that emerges from the PRECISE guidelines is the quality and standardisation of the mpMRI reports for men on AS. At present, many centres worldwide are still using a narrative report, often without including any images (Fig. 4) . Such reports can vary from centre to centre and from radiologist to radiologist, resulting in a huge variability that can be sometimes difficult to interpret.
At this regard, the PRECISE recommendations suggest that the ideal report should be easily readable by different operators and should include
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20 the essential snapshots of the lesion on different mpMRI sequences, and a visual diagram that could assist the operator during biopsy procedures.
Our study provides a first attempt to address this issue, as we generated a structured report according to the PRECISE recommendations ( Fig. 3) .
It is clear from this study that dedicated platforms developed within the industry hold promise to analyse large data sets from men on AS for PCa allowing a quicker assessment and refinement of the PRECISE recommendations from multiple centres worldwide. Additionally, such platforms would aid quantitative analysis and structured reporting using fully automated and semi-automated algorithms in line with the PRECISE guidelines.
The correlation of radiological findings (both qualitative and quantitative) obtained from the PRECISE reporting tool with PSA and histologic data (e.g. Gleason score) has been also advocated, and this has been included in the structured report that we obtained using our tool (Fig. 3) .
The main finding of this study is that the use of a dedicated PRECISE reporting tool would facilitate the determination of thresholds that identify radiologically important changes on mpMRI on a large-scale, allowing men at lowest risk to have less frequent testing (with a positive impact on cost effectiveness for health systems) but at the same time ensuring that any signs of higher risk disease based on mpMRI phenotype can be carefully investigated (e.g. targeted biopsy). The comparison table (including the A C C E P T E D M A N U S C R I P T 21 rate of increase or decrease of each parameter) shown in Fig. 3 represents a first answer to define these thresholds, which could be then compared with the histological outcomes from targeted biopsy if radiological progression is suspected.
Various methodological limitations apply to our study. First is the small cohort of men.
Second, we analysed only two mpMRI scans within a relatively short time frame (6 months), therefore we cannot comment on the medium/longterm natural history of PCa on mpMRI.
Third, a single radiologist was involved in this retrospective analysis and this does not allow to assess the inter-reader variability.
The same mpMRI machines were used for baseline and follow-up scans;
therefore, we cannot comment on the variability between different systems and vendors.
Finally, we carried out our analysis using only two platforms, but we acknowledge that there are other commercially available platforms. It will be interesting to compare our results with those from other dedicated reporting platforms. 
Conclusions
In conclusion, there is compelling evidence to support the use of mpMRI in men with PCa suitable for AS. However, there is still need of robust data from large cohorts that can provide a deeper insight into the huge amount of data that can be extrapolated from a single mpMRI scan. As such, there is a strong need of novel tools and reporting software programs to assist the radiologist in the reporting of sequential mpMRI scans according to the PRECISE recommendations [13] . If these recommendations will be widely used, the data derived will facilitate the determination of thresholds that identify radiologically significant disease and important radiologic changes on mpMRI.
To achieve this, automated comparisons across a patient over time using dedicated reporting tools would help with our understanding of the natural history of mpMRI changes on AS.
Our initial results support this idea and demonstrate how specific reporting programs can be of huge help to analyse large data sets, allowing a quicker assessment and refinement of the PRECISE recommendations. 
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